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INTRODUCTION  

Research Project Description

Men with prostate cancer, in particular those with advanced local disease, benefit from dose 
escalation. The main objective of  the DOD-PC-030909 is to exploit the ability of  Magnetic 
Resonance Imaging combined with Magnetic Resonance Spectroscopy imaging (MRI/MRSI) to 
identify cancer regions within the prostate and to target those regions with a higher tumor burden 
with higher dose without compromising the dose coverage of the prostate and the protection to 
the urethra, rectum and bladder for prostate cancer patients treated with HDR brachytherapy.

The feasibility of  a comprehensive approach that incorporates MRI/MRSI (anatomical and 
functional imagining) into the HDR brachytherapy treatment planning has been demonstrated. 
Using the inverse planning program IPSA, dose escalation of target regions with a higher tumor 
burden can be performed without increasing the dose to critical normal structures. This will be the 
first trial using both MR imaging and functional imaging MRSI for HDR brachytherapy planning.

Three main tasks were identified to fulfill the aims of this project:

Task 1: To determine the need for alignment and to establish alignment methods for MRI/MRSI 
data to HDR brachytherapy treatment planning MRI and CT images. (Months 1-24). 

Task 2: To elaborate class solutions (a set of optimization constraints) appropriate for DIL boosts 
of the order of 150% of the prescribed dose and protection for the penile bulb and the neuro-
vascular bundle valid for 90% of the cases (Months 1-12).

Task 3: To perform feasibility and short-term measures of improved effectiveness and decreased 
side effects of performing the proposed treatment planning protocol in a small cohort of patients 
(Months 18-36).

The Information provided in this third annual (final) report supports the following:

Task 1:  Months 1-24 Completed, (except for alignment of the non-endorectal MR 
    images to the treatment planning CT, pending patient 
    enrollment)
Task 2:  Months 1-12 Completed
Task 3:  Months 18-36 Initiated

C.H.R. Approval Process Time Table

The PC-030909 grant officially opened on February 2004. A lot of  effort and time were devoted by 
the P.I. and Co-P.I. at applying and obtaining approval from the various committees at UCSF. 
During the first year, we sequentially applied and successfully received approvals from the UCSF 
Genito-Urinary Committee (GU, March 2004), the UCSF Protocol Review  Committee (PRC, July 
7th, 2004), and the UCSF Committee on Human Research (CHR, approval number 
H11386-24294-01, December 17th, 2004). Immediately after receiving the CHR approval, the 
complete package was submitted to the DOD CHR for final approval.  This approval was received 
on December 2006. UCSF CHR Committee re-confirmation was obtained and patients enrollment 
has been initiated in June 2008.

Research activities (Present and Future)

In the last three years, a number of research activities related to the Tasks described in the 
Statement of Work of  the proposal have been performed. In particular, Task 1 has been 
accomplished during year 1 and published on the journal “Medical Physics”, and Task 2 has been 
accomplished during year 2 and submitted for publication. Specific details were provided in the 
first two annual reports.  A Postdoctoral Fellow  (Yongbok Kim, Ph.D.) continued to perform the 
work until March 2006.  We have requested a no-cost extension and the research will proceed 
with patients enrollments as described in the research protocol.
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BODY SECTION

MRI/MRSI is used to differentiate between normal and malignant prostate and define cancer-
validated Dominant Intra-prostatic Lesions (DIL). A retrospective study was first conducted using 
data from 15 HDR patients with MRI/MRSI defined DIL. For each patient, MRSI data was first 
fused on the axial T2-weighted MR images. Using the prostate anatomy, the combined MRI/MRSI 
images were then registered on HDR planning axial CT or MR images. Targets, organs at risk and 
DIL were segmented. Dose constraints parameters were adjusted to define a class solution for a 
DIL-boost plan under the dosimetric requirements of the RTOG-0321 protocol. To determine a 
maximum attainable level of  DIL-boost for each patient, our inverse planning dose optimization 
algorithm (called IPSA) was used to generate dose distributions for five different levels of  DIL-
boost, at least 110%, 120%, 130%, 140% and 150% of the prescribed dose. Dose volume 
histograms of  the target and each organ at risk were compared with optimized plans without DIL 
boost.

On the cohort of 15 patients, dose escalations of the MRI/MRSI defined DIL were achieved in the 
range of  120% to 150% of the prescription with only an average of  1% increase of the V50 
bladder dose, and 1 to 3% rectum depending on the boost level. Dose to the whole prostate, with 
the exception of the DIL, did not change. All dose limits complied with RTOG dosimetric 
requirements. This is accomplished by using inverse treatment planning software that can focus 
normally occurring high dose regions within the target volume to coincide with the DIL. Combined 
CHR approvals from our institution and from DOD has been obtained and patients enrollment has 
been initiated in June 2008.

In the previous annual reports, we have described the research accomplishments related to the 
three following topics:

• Endorectal coil probes for prostate MRI: Assessments of tissue distortions and image 
   alignments

• Registration of MR prostate images with biomechanical modeling and nonlinear parameter 
  estimation

• Class solution for Inverse Planning for Dose Escalation of Dominant Intraprostatic Lesions

In the last 16 months, we have

• Published the work on the establishment of Class Solutions and established the correct   
   registration procedure between the MRSI and planning MRI/CT images

• Tested a new imaging fusion tool and planning system that will greatly facilitate the 
   transfer and the accurate delineation of the DIL location from the MRS/MRI study onto the 
   planning CT.

KEY RESEARCH ACCOMPLISHMENTS

Class solution for Inverse Planning

 The class solution was published for the DIL-boost as well as the sparing organs at risk, 
including bladder, rectum, urethra and penile bulb.

MRS/MRI - planning MRI/CT Registration protocol for Planning purpose

 A double registration procedure was established to bring on a same image the initial MR 
image, the MR spectroscopy information and the planning image dataset.
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REPORTABLE OUTCOMES

Peer-reviewed Publications

1) Inverse Planning For HDR Prostate Brachytherapy Use to Boost Dominant Intra-
Prostatic Lesion Defined by Magnetic-Resonance Spectroscopy Imaging.
Pouliot, J.,  Kim, Y., Lessard E., Hsu, I-C. Vigneron D. and Kurhanewicz, J.   Int. J. Radiation 
Oncology Biol. Phys. 59 (4) 1196-1207; 2004.
The results of this paper constituted the proof of principle presented to DOD to obtain the grant

2) Endorectal and rigid coils  for prostate MRI: Impact on prostate distortion and rigid 
image registration. 
Kim Y., Noworolski S.M., Pouliot J., Hsu I.C. and Kurhanewicz J.,, Med. Phys. 32(12); 3569-3578, 
2005.
Publication is provided 

3) Kim Y., Hsu I.C., Lessard E., Kurhanewicz J.,, Noworolski S.M. and Pouliot J., Class solution 
in inverse planned HDR prostate brachytherapy for dose escalation of DIL defined by 
combined MRI/MRSI, Int. J. Radiation Onc. Biol. Phys. 2006
We have responded to the initial reviewers comments. The paper is undergoing the second round 
of review. Publication is provided

4) Registration of MR prostate images with biomechanical modeling and nonlinear 
parameter estimation 
Alterovitz R., Goldberg K., Pouliot J., Hsu I.C., Kim Y., Noworolski S.M., and Kurhanewicz J.,, 
Med. Phys. 33(2), 446-454; 2006. 
This work is directly related to present work (Task 1) but not supported by DOD -PC030909.

Presentations at International Conferences

  Advances in Optimization Strategies, Physics Symposium, Int. Society for Therapeutic 
 Radiology and Oncology, Joint GEC-ESTRO-ISIORT Meeting, Montpellier, May 9-12, 
 2007.  

  Dose escalation using functional imaging, 12th International Conference Optimal Use of 
 Advanced Radiotherapy in Multimodality Oncology, Rome, Italy, 20th to 23rd June 2007.

  Inverse planning in Brachytherapy: HDR and LDR, VI Last Generation Radiotherapy Course, 
 São Paulo, Brazil, Oct. 19, 2006.

  Principles and Clinical Applications of IPSA; Nucletron International Physics Seminar, Vaals, 
 Netherlands, Sept 13-16, 2006.

  IPSA, optimization in Brachythetrapy, Basis  and Principles, 4ième sémnaire francophone 
 de curiethérapie, Arcachon, France, June 15th, 2006.

  Clinical experience with IPSA for prostate cancer treatment in HDR Brachytherapy, 4ième 
 séminaire francophone de curiethérapie, Arcachon, France, June 15, 2006.

  Advanced Technologies: Functional Imaging, IMRT and IGRT, NZIMRT – AIR Annual meeting, 
 Aukland, New Zealand, August 27th, 2005.

  Inverse planning for dose optimization in Brachytherapy, Institut Gustave-Roussy, Paris, 
 France, June 28, 2004.
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Presentations at National Meetings

 Dose Escalation of Dominant Intra-Prostatic Lesion Defined by Magnetic-Resonance 
 Spectroscopy Imaging Using Inverse Planning for HDR Prostate Brachytherapy,DOD-
 PCRP- Meeting, Innovative Minds in Prostate Cancer Today (IMPaCT), Atlanta Georgia, Sept. 5-8, 
 2007. 

  New advances in Brachytherapy Physics, 27th Annual Meeting of American Brachytherapy 
 Society, Philadelphia, May 12, 2006.

  Advanced 3D Planning in Brachytherapy, AAPM-ABS summer school, Seattle July 18-23, 
 2005.

Analysis of prostate deformation due to different MRI/MRS endorectal coils for image 
 fusion and brachytherapy treatment planning. Med. Phys.31 (6); 1728-1728, 2004 (Abstract).

 Dose Constraints in Inverse Planning HDR Prostate  Brachytherapy for The Dose 
 Escalation of  DIL Defined by MR Spectroscopy Imaging. Annual Meeting of the 
 American Brachytherapy Society, San Francisco 2005.

DETAILS OF REPORTABLE OUTCOMES

The details of  the previous reportable outcomes were provided in the two previous annual reports 
as well as in the publications provided in Appendices. References cited in the publications 
(published or in press) support our experimental objectives, choices made in experimental design, 
and interpretation of results.

Class solutions

A class solution was developed for dose escalation of  a DIL defined by combined MRI/MRSI in 
inverse planned HDR prostate brachytherapy. Using the class solution, a certain level of DIL-
boost is feasible for some patients under RTOG-0321 dosimetric requirements depending on 
rectal and bladder doses. While the target dose was slightly increased, the DIL dose was 
noticeable enhanced ( on average, 82% of the DIL volume could receive 150% of the prescribed 
dose) without any violation of the dosimetric requirements. With further adjustment of  the class 
solution, the DIL could be boosted by 150 – 150 for 13 out of  15 patients while satisfying 
dosimetric requirements. Hence, the established class solution for a DIL-boost is a good starting 
point to explore a customized HDR prostate brachytherapy plan for a specific patient.

Registration procedure between the MRSI and planning MRI/CT images

A new  imaging fusion tool and planning system was commissioned and tested. The availability of 
this system will greatly facilitate the transfer and the accurate delineation of  the DIL location from 
the MRS/MRI study onto the planning CT. The MRI/MRS registration procedure resulting on an 
MR image with defined validated cancer areas (Figure in the center) was established and 
reported in year 2. This allows to import the image in the planning software. The planning image 
showing the current anatomy and the catheters can then be registered with the combined MRI/
MRS image, providing all the anatomical information in the same reference system (Figure, right).
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Multiple contours (Figure right) based on anatomical 
and spectroscopic information result on the clinical 
target, the DIL and the organs at risk, bladder, 
urethra, rectum and bulb. Then catheters are digitally 
reconstructed. The optimization routine IPSA is called, 
and using the class solution already defined, 
produces a dose distribution that tightly conform to 
the target, boost the DIL and spare the organs at risk.

All the procedures and methodology have been 
developed and are ready to be used clinically.
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LIST OF ACRONYMS

CHR: Committee on Human Research
CT: Computed Tomography 
DIL: Dominant Intraprostatic Lesion
S/I: Superior-Inferior
R/L: Right-Left
A/P: Antero-Posterior
DOD: Department of Defense
ERC: Endo-Rectal Coil
GU: Genito-Urinary Committee
HDR: High Dose-Rate
IPSA: Planning with Simulated Annealing
MRI: Magnetic Resonance Imaging
MRSI: Resonance Spectroscopy Imaging
PRC: Review Committee
ROI: Region of Interest
RTOG: Radiation Therapy Oncology Group
UCSF: University of California California, San Francisco
DIL: Dominant Intra-prostatic Lesion
CG: Central Gland
PZ: Peripheral Zone
TRUS: Trans-rectal Ultra-Sound
OAR: Organs at Risk
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APPENDICE

Publications

1- Pouliot, J.,  Kim, Y., Lessard E., Hsu, I-C. Vigneron D. and Kurhanewicz, J.  Inverse Planning 
For HDR Prostate Brachytherapy Use to Boost Dominant Intra-Prostatic Lesion Defined by 
Magnetic-Resonance Spectroscopy Imaging. Int. J. Radiation Oncology Biol. Phys. 59 (4) 
1196-1207; 2004.  (The results of this paper constituted the proof of  principle presented to DOD to 
obtain the grant).

2- Kim Y., Noworolski S.M., Pouliot J., Hsu I.C. and Kurhanewicz J., Expandable and rigid 
endorectal coils  for prostate MRI: Impact on prostate distortion and rigid image 
registration, Med. Phys. 32(12); 3569-3578, 2005.

3- Kim Y., Hsu I.C., Lessard E., Kurhanewicz J.,, Noworolski S.M. and Pouliot J., Class solution 
in inverse planned HDR prostate brachytherapy for dose escalation of DIL defined by 
combined MRI/MRSI, Radiotherapy and Oncology, 88(1):148-55; 2008. (The complete paper is 
included below).

4. Alterovitz R., Goldberg K., Pouliot J., Hsu I.C., Kim Y., Noworolski S.M., and Kurhanewicz J., 
Registration of MR prostate images with biomechanical modeling and nonlinear parameter 
estimation, Med. Phys. 33(2), 446-454; 2006.  (related to present work but not supported by 
DOD -PC030909).

 5- Kim Y., Hsu I.C., and Pouliot J., Measurement of craniocaudal catheter displacement 
 between fractions in computed tomography–based high dose rate brachytherapy of 
 prostate cancer, Journal of Applied Clinical Medical Physics, Vol. 8, No. 4, Fall 2007. (related to 
 present work but not supported by DOD -PC030909).

ABSTRACT
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Abstract
DOD-PCRP-Meeting, Innovative Minds in Prostate Cancer Today (IMPaCT)

Atlanta Georgia, Sept. 5-8,  2007. 

DOSE ESCALATION OF DOMINANT INTRA-PROSTATIC LESION
DEFINED BY MAGNETIC-RESONANCE SPECTROSCOPY IMAGING

USING INVERSE PLANNING FOR HDR PROSTATE BRACHYTHERAPY

Jean Pouliot; I-Chow Hsu; Etienne Lessard; Yongbok Kim; (Comprehensive Cancer Center, 
University of California, San Francisco, San Francisco, California) Susan Moyher Noworolski; 
John Kurhanewicz (Center for Molecular and Functional Imaging, Department of Radiology, 
University of California, San Francisco, San Francisco, California)

Men with prostate cancer, in particular those with advanced local disease, benefit from dose 
escalation. The main objective of  the DOD-PC-030909 is to exploit the ability of  Magnetic 
Resonance Imaging combined with Magnetic Resonance Spectroscopy imaging (MRI/MRSI) to 
identify cancer regions within the prostate and to target those regions with a higher tumor 
burden with higher dose without compromising the dose coverage of the prostate and the 
protection to the urethra, rectum and bladder for prostate cancer patients treated with HDR 
brachytherapy.

MRI/MRSI is used to differentiate between normal and malignant prostate and define cancer-
validated Dominant Intra-prostatic Lesions (DIL). A retrospective study was first conducted using 
data from 15 HDR patients with MRI/MRSI defined DIL. For each patient, MRSI data was first 
fused on the axial T2-weighted MR images. Using the prostate anatomy, the combined MRI/
MRSI images were then registered on HDR planning axial CT or MR images. Targets, organs at 
risk and DIL were segmented. Dose constraints parameters were adjusted to define a class 
solution for a DIL-boost plan under the dosimetric requirements of the RTOG-0321 protocol. To 
determine a maximum attainable level of  DIL-boost for each patient, our inverse planning dose 
optimization algorithm (called IPSA) was used to generate dose distributions for five different 
levels of  DIL-boost, at least 110%, 120%, 130%, 140% and 150% of the prescribed dose. Dose 
volume histograms of the target and each organ at risk were compared with optimized plans 
without DIL boost.

On the cohort of  15 patients, dose escalations of the MRI/MRSI defined DIL were achieved in 
the range of 120% to 150% of the prescription with only an average of 1% increase of  the V50 
bladder dose, and 1 to 3% rectum depending on the boost level. Dose to the whole prostate, 
with the exception of the DIL, did not change. All dose limits complied with RTOG dosimetric 
requirements. This is accomplished by using inverse treatment planning software that can focus 
normally occurring high dose regions within the target volume to coincide with the DIL. 
Combined CHR approval from our institution and from DOD is expected early 2007 and patients 
enrollment will be initiated soon.
The feasibility of a comprehensive approach that incorporates MRI/MRSI (anatomical and 
functional imagining) into the HDR brachytherapy treatment planning has been demonstrated. 
Using the inverse planning program IPSA, dose escalation of target regions with a higher tumor 
burden can be performed without increasing the dose to critical normal structures. This will be 
the first trial using both MR imaging and functional imaging MRSI for HDR brachytherapy 
planning.

IMPACT: This new  approach will allow  dose escalation to be targeted to areas of  high cancer 
cell density. We believe these refinements of HDR brachytherapy planning will lead to new 
therapeutic approaches that may improve clinical results. 



12

Radiotherapy and Oncology, 88(1):148-55; 2008
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